During the Shuttle launches, the solid rocket motors (SRM) occasionally experience pressure perturbations (8-13 psi) between 65-75 s into the motor burn time. The magnitudes of these perturbations are very small in comparison with the operating motor chamber pressure, which is over 600 psi during this time frame. These SRM pressure perturbations are believed to be caused primarily by the expulsion of slag (aluminum oxide). Two SRM static tests, TEM-11 and FSM-4, were instrumented extensively for the study of the phenomena associated with pressure perturbations. The test instrumentation used included nonintrusive optical and infrared diagnostics of the plume, such as high-speed photography, radiometers, and thermal image cameras. Results from all of these nonintrusive observations provide substantial circumstantial evidence to support the scenario that the pressure perturbation event in the Shuttle SRM is caused primarily by the expulsion of molten slag. In the static motor tests, the slag was also expelled preferentially near the bottom of the nozzle because of slag accumulation at the bottom of the aft end of the horizontally oriented motor.
During the STS-54 launch (RSRM-29) on Jan. 13, 1993, the right-hand solid rocket motor experienced a 13.9-psi chamber pressure perturbation at 67 s into the motor operation _ (Fig.  I ). This pressure augmentation equated to a thrust change of about 51 klb, and in combination with a 1 m in. bias in the burning rate of the propellant in the right motor over that in the left motor resulted in a derived thrust imbalance of 76 klb.
Historically, several Shuttle solid rocket motors flown to date have exhibited pressure perturbations during the 65-to 75-s period after the motor ignition.
However, all thrust and pressure variations (including the STS-54) have remained within the specification limits. Postflight assessment of the motors has not revealed any anomalous conditions. Pressure perturbations have been observed in other solid rocket motors caused from the expulsion of igniter or insulaPresented as Paper 95-2723 at the AIAA/ASME/SAE/ASEE 31st Joint Propulsion Conference and Exhibit, San Diego, CA, July 10-12, 1995; received Aug. 31, 1995; revision received Dec. 21, 1995;  accepted for publication Jan. 6, 1996 . Copyright © 1995 These ejecta were highly localized lasting for fractions of a second and appeared as bright, white streaks. The white streaks in the high-speed film (their shape, motion, and brightness), suggest a more dense fluid, such as slag. _2 These white streaks were predominantly observed at the bottom of the plume. When the high-speed film indicated an increase in white streak activity, the radiometers nearest the activity showed an increased heat flux, and there was also an increase of the motor head-end pressure during that period of time. The larger the area covered by the white streaks, the more the radiometer , , , , , , , , , , , , , , • 14 L@ - 
Conclusions
The excellent agreement among all of the nonintrusive optical (high-speed motion pictures) and IR (radiometers and thermal image cameras) observations of the plume during pressure perturbation events in the full-scale SRM static firing tests provides sufficient circumstantial evidence to conclude that the expulsion of slag accumulated inside the motor during the motor burn is the primary cause for the chamber pressure perturbations in the RSRM.
The pressure, force, RTR, strain, and accelerometer data _ obtained during the same tests also support the slag expulsion phenomena. These observations actually show that nozzle vectoring can result in slag expulsion and accompanying pressure perturbations in static motor tests. A deductive conclusion from these observations of the static motor tests may be that even in the absence of significant nozzle vectoring, some other phenomena present in both static and flight motor burns 6"9 also cause slag ejection and associated pressure perturbations.
